To evaluate whether human papillomavirus (HPV) genotyping for the selected oncogenic HPV types can improve the efficacy of HPV DNA testing in predicting cervical intraepithelial neoplasia (CIN 2/3) in women with mildly abnormal Pap results, we compared HPV DNA testing and HPV genotyping for eight oncogenic types (16, 18, 31, 33, 35, 45, 52 and 58) in Pap specimens with abnormal results (HSIL, 20 cases; LSIL, 42 cases; ASC-US, 94 cases) and follow-up biopsies. Using consensus primer-mediated PCR assays, HPV DNA was detected in 90% (18/20) of HSIL, 95% (40/42) of LSIL and 64% (60/94) of ASC-US cases. HPV DNA positivity was significantly associated with CIN 2/3/carcinoma (Po0.001) in women with ASC-US, but not in women with LSIL (P ¼ 0.52). Of HPV DNA-positive specimens, the eight oncogenic HPV types were detected in 83% of HSIL cases (15/18), 53% of LSIL cases (21/40), and 47% of ASC-US cases (28/60). The eight oncogenic HPV types were significantly associated with CIN 2/3/carcinoma (OR, 10.6; 95% CI, 3.98-28.10; Po0.001), whereas no significant association was observed between the non-eight oncogenic HPV types and CIN 2/3/carcinoma (OR, 2.20; 95%CI, 0.80-6.03; P ¼ 0.125). In women with ASC-US, HPV genotyping for the eight oncogenic types showed higher specificity (81 vs 46%) and positive predictive value (PPV, 44 vs 26%) in predicting CIN 2/3/carcinoma compared to HPV DNA testing. Similarly, in women with LSIL, higher specificity (69 vs 8%) and PPV (62 vs 39%) for predicting CIN 2/3/carcinoma were also observed using HPV genotyping test for the eight oncogenic types compared to HPV DNA testing. Our findings suggested that HPV genotyping for the eight oncogenic types might be useful to improve the efficacy of HPV DNA testing for predicting CIN 2/3/carcinoma in women with mildly abnormal Pap results, which may lead to personalized clinical management with improved patient compliance for follow-up. Modern Pathology (2008Pathology ( ) 21, 1037Pathology ( -1043 doi:10.1038/modpathol.2008 published online 23 May 2008 Keywords: human papillomavirus; HPV; genotyping; HSIL; LSIL; ASCUS Oncogenic HPV infection has been recognized as a primary risk factor responsible for more than 99% of cervical carcinoma and high-grade cervical precancerous lesions, that is, CIN 2/3.
Oncogenic HPV infection has been recognized as a primary risk factor responsible for more than 99% of cervical carcinoma and high-grade cervical precancerous lesions, that is, CIN 2/3.
1 Persistent oncogenic HPV infection has been considered as the most important factor to determine cervical precancerous lesion progression.
2, 3 In the United States, HPV DNA testing in conjunction with Pap cytology test has become standard practice for patient management in gynecology clinics and cervical cancer prevention programs. 4, 5 Reflex oncogenic HPV DNA testing using pooled-probes has proved cost effective in the triage of women with atypical squamous cells of under-determined significance (ASC-US). 6 Triage of women with low-grade squamous intraepithelial lesions (LSIL) using HPV DNA testing was recently recommended, but only for postmenopausal women. 4 The reason that HPV DNA testing was not recommended initially in the triage of women with LSIL was that the positive rate of oncogenic HPV DNA testing was too high to allow a cost-effective triage. 6 It has been well recognized that the advantage of HPV DNA testing using pooled-probes or consensus primer-mediated PCR assays is that a high clinical sensitivity in predicting CIN 2/3/ carcinoma in women with ASCUS can be achieved. With the high sensitivity and negative predictive value (NPV) of HPV DNA testing, women who have negative results plus a negative Pap test can be assured that they have little risk of having or developing CIN 2/3. However, these high sensitivity and NPV are achieved at the expense of lower specificity and lower positive predictive value (PPV). As a result, unnecessary colposcopy or biopsy may be done for women with an insignificant, transient oncogenic HPV infection. On the other hand, in women with significantly higher risks of developing CIN 2/3 or CIN progression, such as those with persistent HPV16 or 18 infections, a positive HPV DNA result without genotyping provides little information for a personalized management that requires closer clinical follow up and a high level of patient compliance. 7 Although 14 HPV types have been recognized as the primary oncogenic HPV types responsible for the majority of cervical cancer and CIN 2/3, 8 evidences have shown significant variation of the carcinogenic potency among these oncogenic HPV types, with the highest risk in women who have persistent infection by HPV16. 9 Recent epidemiologic studies have demonstrated that eight oncogenic HPV types (16, 18, 31, 33, 35 , 45, 52 and 58) are responsible for more than 80% of cervical cancer and CIN 2/3. 10, 11 In particular, HPV types 16 and 18 were reported to be responsible for 70% of CIN 2/3. 10 In cervical tissue specimens, we also confirmed that these eight oncogenic HPV types were significantly associated with CIN 2/3/carcinoma, whereas the other HPV types were not. 12 Detecting the oncogenic HPV types with statistically higher associations with CIN 2/3/carcinoma and persistency could be clinically more relevant in predicting CIN 2/3 or CIN progression, 13 and may improve specificity and PPV of HPV DNA testing.
To evaluate whether genotyping for the eight oncogenic HPV types can improve the specificity and PPV of HPV DNA testing, we compared the ability of consensus primer-mediated PCR HPV DNA testing and HPV genotyping to predict CIN 2/3 in women with abnormal Pap results by comparing follow-up biopsies.
Materials and methods
The Institutional Review Board of The University of Texas MD Anderson Cancer Center approved the study.
Cytology Specimen Selection
Residual material from 156 cases of SurePath (TriPath Imaging, Burlington, NC, USA) Pap specimens with abnormal Pap results and follow-up biopsies were collected in consecutive order from 2004 to 2005 at the Department of Pathology, the University of Texas MD Anderson Cancer Center. The Pap specimens were screened by cytotechnologists and verified by cytopathologists following the Bethesda System. 14 After the cytology diagnoses were completed, the Pap specimens were rinsed (Â 2) and collected in RPMI medium 1640 (Gibco, Carlsbad, CA, USA), and stored at À201C. The Pap specimens consisted of 20 cases of high-grade squamous intraepithelial lesions (HSIL), 42 cases of LSIL and 94 cases of ASC-US or atypical squamous cells, cannot exclude HSIL (ASC-H) The corresponding follow-up biopsies, processed and interpreted at the Department of Pathology, were performed either on the same day as or within 6 months of the Pap specimen collection. The biopsy results consisted of 29 cases of benign results, 77 cases of CIN1/koilocytosis, 41 cases of CIN 2/3, and 9 cases of cervical carcinoma.
DNA Extraction
DNA was extracted from SurePath Pap specimens using the DNeasy kit (catalog no. 69506, Qiagen, Valencia, CA, USA) according to the manufacturer's instructions.
HPV DNA Testing Using Consensus Primer-Mediated PCR
Validation of PCR assays using GP5 þ /GP6 þ consensus primers in SurePath Pap specimens was reported. 15 HPV DNA was determined using consensus primer-mediated PCR assays as described previously. 12 Briefly, b-globin (268 bp) was amplified to determine the quality of the extracted DNA using primer sets pc04/gh20 according to Bauer et al 16 and using AmpliTaq Gold polymerase (Applied Biosystems, Foster City, CA, USA). A 25-ng aliquot of genomic DNA was added to a PCR master mixture containing 1 Â PCR buffer (100 mM Tris-HCl, 500 mM KCl, pH 8.3), 200 mM concentrations of each deoxynucleoside triphosphate, 200 nM primer, 1.5 mM MgCl 2 , and 2.5 units of AmpliTaq Gold DNA polymerase. PCR was performed under the following permissive cycling conditions: 10 min at 941C, followed by 1 min at 941C, 1 min at 401C, 90 s at 721C, and 5 min at 721C for 39 cycles.
Specimens positive for b-globin were screened for HPV DNA using GP5 þ /GP6 þ consensus primermediated PCR, which generates 150-bp amplicons. PCR was performed according to the method of Jacobs et al. 17 A 25-ng aliquot of genomic DNA was added to the PCR master mixture, which contained 1 Â PCR buffer, 200 mM concentrations of each deoxynucleoside triphosphate, 200 nM primers, 3.5 mM MgCl 2 , and 2.5 units of AmpliTaq Gold DNA polymerase. The cycling condition was the same as those for b-globin. Specimens that were positive for b-globin but negative for GP5 þ /GP6 þ were re-screened for HPV DNA with the second consensus primer set (PGMY09/11), which generates 450 bp amplicons. A 25-ng aliquot of genomic DNA was used for amplification in a PCR master mixture containing 1 Â PCR buffer, 200 mM concentrations of each deoxynucleoside triphosphate, 200 nM primer, 4.0 mM MgCl 2 , and 7.5 units of AmpliTaq Gold DNA polymerase. The PCR was performed under the following cycling conditions: 9 min at 941C, followed by 1 min at 941C, 1 min at 551C, and 1 min at 721C for 39 cycles. Specimens with known HPV infection were used as positive controls. Sterile water was used as a negative control for each set of amplifications. The PCR products were visualized with ethidium bromide staining on a 4% low-melt agarose gel.
HPV Genotyping by EasyChip HPV Blot
Specimens with positive results on consensus primer-mediated PCR were genotyped using EasyChip HPV Blot (King Car Yuanshan Research Institute, I-Lan, Taiwan) as described previously. 18 First, HPV DNA was amplified by PCR assay using modified MY11/GP6 þ biotinylated consensus primer sets to amplify a fragment of 192 bp in the L1 open reading frame of HPV and GAPDHF/GAPDHR biotinylated primer sets were used to amplify a 136-bp segment for specimen validation as described previously. 4, 19 Briefly, PCR for HPV DNA was performed in a final reaction volume of 26 ml with 20-ng aliquot of genomic DNA in a PCR master mixture containing 15 mM Tris-HCl (pH 8.0), 2.0 mM MgCl 2 , 50 mM KCl, 0.25 mM each deoxynucleoside triphosphate, 0.6 mM primer, and 0.5 units of DNA polymerase (HPt High Performance HotStart Taq DNA Polymerase; DNA Technologies Ltd., UK). PCR assay was performed as follows: 10 min at 951C, followed by 40 cycles of 30 s at 951C, 30 s at 451C, and 30 s at 721C and a final extension of 5 min at 721C. PCR for GAPDH was performed in a final reaction volume of 25 ml with a 10-ng aliquot of genomic DNA in a PCR master mixture containing 15 mM Tris-HCl (pH 8.0), 2.5 mM MgCl 2 , 50 mM KCl, 0.2 mM each deoxynucleoside triphosphate, 0.2 mM primer, and 0.5 units of HotStart Taq DNA Polymerase (DNA Technologies Ltd., UK). PCR assay was performed as follows: 10 min at 951C, followed by 40 cycles of 15 s at 951C, 1 min at 571C, and 30 s at 721C and a final extension of 5 min at 721C. A 5-ml aliquot of PCR products was analyzed by electrophoresis on a 2% agarose gel and stained with ethidium bromide.
EasyChip HPV blot were designed to detect 39 HPV types (HPV 6, 11, 16, 18, 26, 31, 32, 33, 35,  were immobilized on a 14.4 Â 9.6 mm nylon membrane, which was used for reverse-blot hybridization to detect HPV DNA in a single assay. The hybridization was performed according to the manufacturer's instructions. Briefly, the blot membrane was equilibrated with 2 Â saline-sodium citrate (SCC, 1 Â SCC containing 0.15 M NaCl and 0.015 M sodium citrate) at room temperature for 10 min. The blot was preincubated in hybridization buffer (2 Â SSC, 0.5% blocking reagent, 5% dextran sulfate, 0.1% sodium dodecyl sulfate (SDS), 50 mg/ml denatured salmon sperm DNA) with shaking at 351C for 30 min. The membrane was hybridized with 500 ml of hybridization buffer containing 20 ml of the denatured amplicons (15 ml HPV and 5 ml GAPDH PCR products) by shaking at 351C for at least 3 h. The blot was washed two times in washing buffer 1 (2 Â SSC, 0.1% SDS) for 5 min at 251C and then washed two times in washing buffer 2 (0.2 Â SSC, 0.1% SDS) for 5 min at 351C. The blot was equilibrated with buffer 1 (1 Â phosphate-buffered saline, pH 7.4, 0.05% Tween 20, 0.1% SDS) by shaking at 251C for 5 min and then buffer 2 (1 Â phosphate-buffered saline, pH 7.4, 0.05% Tween 20, 0.1% SDS, 0.5% blocking reagent) at 251C for 1 h. The blot was incubated in 500 ml of buffer 2 containing streptavidin-AP (Calbiochem; alkaline phosphatase conjugates and biotinylated antibodies, 1:1000 dilution) at 251C for 40 min. The blot was then washed in buffer 1 and rinsed with buffer 3 (0.1 M Tris-HCl, pH 9.5, 0.1 M NaCl) for 5 min. Then, 80 ml NBT/BCIP (5-bromochloro-3-indolyl-phospate and nitroblue tetrazolium) was added and incubated for 30 min at 251C. The reaction was terminated by adding distilled water. The HPV types were determined by visual assessment protocol provided by King Car Yuanshan Research Institute.
Statistical Analysis
Descriptive statistics were calculated; KruskalWallis tests were used to compare the differences among groups of continuous variables; w 2 or Fisher's exact tests were used to assess the association between categorical variables; Cohran-Armitage trend tests or Jonckheere-Terpstra tests were used to assess the association between test results and severity of disease; Logistic regression models were used to estimate the odds ratios of cancer ZCIN2, including 95% confidence intervals. P-values (twosided test) of less than 0.05 were considered significant. All computations were carried out using SAS 8.0 (SAS Institute, Cary, NC, USA).
Results
The age of the patients in the study ranged from 19 to 85 years, with a mean age of 43 years and a median age of 44 years. HPV16 and HPV18 positive rates in the Pap specimens with CIN 2/3/carcinoma were 56% (10/18) in HSIL cases, 57% (8/14) in LSIL cases, and 60% (9/15) in ASC-US/ASC-H cases. Multiple HPV infections in the Pap specimens with CIN 2/3/carcinoma biopsy results were predominantly observed in HSIL (89%, 16/18) and LSIL cases (93%, 13/14), compared with ASC-US/ASC-H cases (40%, 6/15).
Comparison of HPV DNA and HPV Genotyping for the Eight Oncogenic HPV Types in Predicting CIN 2/3/ Carcinoma in Pap Specimens with Mild Abnormalities
Using a univariate logistic regression model to estimate the association between HPV types and all Pap specimens with CIN 2/3/carcinoma biopsy results, the eight oncogenic HPV types showed a significant association with the CIN 2/3/carcinoma (OR, 10.6; 95% CI, 3.98-28.10, P-value o0.001). No significant association of non-eight HPV types with the diseases was observed (OR, 2.20; 95% CI, 0.80-6.03; P-value ¼ 0.125). In ASCUS/ASC-H group, a high sensitivity (100%) and a high NPV (100%) to predict CIN 2/3/carcinoma were observed using HPV DNA testing. The specificity and PPV were 46 and 26%, respectively ( Table 4 ). The specificity and PPV were significantly improved using genotyping for the eight oncogenic HPV types (specificity, 46 vs 81%; PPV, 26 vs 44%) ( Table 4 ). The univariate logistic regression model showed the highest risk association between HPV16/18 and CIN 2/3/carcinoma (OR, 20.0; 95% CI, 4.19-95.48). The risk association decreased when all the eight oncogenic HPV types were estimated (OR, 6.75; 95% CI: 1.65-27.59).
In LSIL group, HPV DNA testing also showed high sensitivity (100%) and NPV (100%) with low specificity (8%) and PPV (39%). With genotyping for the eight oncogenic HPV types, significant improvements in specificity (eight vs 69%) and PPV (39 vs 62%) were observed ( Table 5 ). The risk association of HPV16/18 is also higher (OR, 13.8; 95% CI: 2.7-70.12) than that of the combined eight oncogenic HPV types (OR, 11.3; 95% CI: 2.07-62.10).
Compared with HPV DNA testing, HPV genotyping for the eight oncogenic HPV types showed lower sensitivity and NPV in both the ASCUS (80, 96%) and LSIL group (87, 90%) ( Tables 4 and 5 ).
Discussion
In this study, we demonstrated that genotyping for the eight major oncogenic HPV types can significantly improve specificity and PPV of HPV DNA testing to predict CIN 2/3/carcinoma in women with mildly abnormal Pap results, indicating HPV genotyping has potential utilization for risk assessment and personalized clinical management in cervical cancer prevention.
Evidence has shown that HPV genotyping may play an important role in cervical cancer prevention. 2, 9, [20] [21] [22] [23] However, how to utilize HPV genotyping in patient management is still under investigation, partly due to the complexity of oncogenic HPV types with wide ranges of oncogenic potential and frequent multiple oncogenic HPV infections in the cervical precancer lesions, making it difficult to determine which oncogenic HPV types should be given a priority in predicting CIN 2/3 or CIN progression. Epidemiology studies and our previous observations in cervical tissue specimens demonstrated that the eight major oncogenic HPV types, HPV16, 18, 31, 33, 35, 45, 52 and 58, are closely associated with CIN 2/3 and cervical carcinoma, collectively accounting for more than 80% of cervical carcinoma and CIN 2/3. [10] [11] [12] Of these eight types, HPV16 and 18 are the most clinically relevant HPV types. 10, 21 In our study using Pap cytology specimens, we confirmed that HPV16 and 18 had the highest association with CIN 2/3/carcinoma in women with LSIL or ASCUS. HPV16/18 were positive in 75% of Pap specimens with either LSIL (OR, 13.8; 95% CI, 2.70-70.12) or ASCUS (OR, 20; 95% CI, 4.19-95.48) that had CIN 2/3/carcinoma biopsy results. These findings are in keeping with the recently published studies from the ALTS trial that clearly demonstrated high-risk of cervical precancerous lesion progression in women with mildly abnormal Pap results and positive HPV16/18 results. 9, 23 The clinical significance of HPV16/18 in women with mildly abnormal Pap results is probably due to the persistence of HPV16/ 18. 24 Our observation and published studies indicated that at least HPV16/18 should be given a priority for predicting CIN 2/3/carcinoma in women with mildly abnormal Pap results. Compared to HPV16/18, the other six oncogenic HPV types (31, 33, 35 , 45, 52 and 58) had a lower association with CIN 2/3/carcinoma. Although we were not able to determine the risk level for these six oncogenic HPV types because of frequent co-infection with HV16/18, decreased risk levels were observed in both ASCUS and LSIL when all the eight oncogenic HPV types including HPV16/18 were calculated collectively. This finding is in agreement with the recently published study that demonstrated HPV16 had the highest cumulative risk, that dominated the risk of other oncogenic HPVs in women with ASCUS or LSIL. 21 Nevertheless, using the eight major oncogenic HPV types as a cutoff, the specificity and PPV in detecting CIN 2/3 in women with mildly abnormal Pap results were significantly improved compared to those of using the full range of HPV DNA. The positivity of HPV DNA in our ASCUS/ASC-H group was comparable to that of ALTS trial study 6 and was significantly associated with CIN 2/3/carcinoma with 100% sensitivity and NPV for CIN 2/3/carcinoma, respectively. With HPV genotyping for the eight oncogenic types, specificity was significantly improved from 46 to 81%. In our LSIL group, however, since the majority of Pap specimens were positive for HPV DNA, no significant association between HPV DNA and CIN 2/3/ carcinoma was observed in women with LSIL. This finding is also consistent with those in the ALTS trial, which concluded that HPV DNA testing cannot be used efficiently in the triage of women with LSIL. 6 With HPV genotyping for the eight oncogenic types, the specificity was increased from eight to 69%, suggesting that HPV genotyping with the eight oncogenic types might have potential for predicting CIN 2/3/carcinoma in women with LSIL. As our study only had one-time HPV genotyping test, the persistence of HPV infection could not be determined. Further studies on the persistent infection with the eight oncogenic HPV is necessary to determine whether the persistent infection can further improve the specificity of HPV DNA testing for women with ASCUS or LSIL. The goal would be a more personalized clinical management that can reduce unnecessary colposcopic/biopsy follow up and at the same time increase patient compliance to allow closer follow up for those with the highest risk of CIN progression.
On the basis of the epidemiologic studies, 14 oncogenic HPV types (HPV16, 18, 31, 33, 35, 45, 51, 52, 56, 58, 59, 66 and 68) are classified as the oncogenic types responsible for cervical carcinoma and precancerous lesions. 8, 25 In our study, a total of eight Pap specimens (three HSIL cases, two LSIL cases and three ASCUS cases) with CIN 2/3/carcinoma biopsy results tested positive for HPV types other than the eight major HPV oncogenic types. Recently, a reduction in the number of oncogenic HPV types for cervical cancer from 14 to 12 was proposed: Along with HPV 26, 73 and 82, HPV 66 and 68 could be reclassified as possible oncogenic types. 26 According to this newly proposed classification, our study identified only three Pap specimens with CIN 2/3 biopsy results as positive for the non-eight oncogenic HPV types (one case each with HPV39 or 56 from ASCUS, one case with HPV51 from LSIL). Four cases with CIN 2/3 biopsy results were positive for HPV types that are possibly oncogenic (one case each for HPV 66 or 68 from LSIL, two cases for HPV 82 from HSIL). Only one ASCUS case with carcinoma biopsy result was positive for HPV types that are not currently classified as oncogenic, that is, HPV55/72. Owing to limited CIN 2/3 case numbers and the lack of convincing evidence for the oncogenic potencies of these possible oncogenic HPV types, it is unclear whether cervical precancerous lesions in women who have infections with these HPV types will be more likely to progress or regress. Since persistent type-specific HPV infection is one of the most important factors in the progression of CIN lesions, 27 a determination of HPV persistency by genotyping might clarify their oncogenic potencies and better guide follow-up of these patients. 28 It has been recognized that all traditional cervical cancer detection modalities, Pap test, colposcopy and biopsy, have limitations in predicting CIN 2/3. [29] [30] [31] HPV DNA testing has added considerable value to current cervical cancer prevention programs because of its ability to predict CIN 2/3. [32] [33] [34] According to the recently proposed personalized risk profiling for cervical cancer prevention, the predictive level for CIN 2/3 can be assessed using a combination of Pap testing, HPV testing, and colposcopy/biopsy evaluation. 35 The patients may be managed or treated based on their risk profiles. Our study provides evidence that selective HPV genotyping would add improved accuracy of the risk profiling. With HPV genotyping data, risk profiling may become more specific, thus facilitating highly personalized clinical management and improved patient compliance.
Our study was conducted in a cancer center with a population that is older than a general screening population. Therefore, we cannot exclude the possibility that age contributed to the high specificity of HPV genotyping in predicting CIN 2/3 in our study. A recent study demonstrated that older women were more likely to have a persistent HPV infection than younger women, although most infections by the oncogenic HPV types cleared in 2 years. 36 Therefore, with an older age group, our observation of the high specificity of the eight oncogenic HPV types to predict CIN 2/3 in women with mildly abnormal Pap test might be associated with higher frequency of oncogenic HPV persistency. Further studies with age-stratified cohorts are necessary to clarify this issue. To date, HPV genotyping assays have not been approved for patient care by FDA. Furthermore, the cost effectiveness of using HPV genotyping to predict cervical precancerous lesions has not been evaluated. Clinical trials with large patient base are necessary to prove the potential utilization and the cost effectiveness of HPV genotyping in patient management.
